The aim of this educational work is targeting chemistry students and interested instructors. The presented work will analyze the mass spectrum of butyl butyrate (butyl butanoate). The analysis will concentrate on the mechanisms showing how the characteristic fragments are formed. The mechanisms discussed in this paper include α-cleavage, β-cleavage, McLafferty Rearrangements, first and second proton transfer, a double proton transfer.
Introduction
Butyl butyrate is the second compound to be discussed in a series of MS spectral analysis of organic compounds. The MS spectra for α-Ionone and β-Ionone were analyzed earlier (Walwil, 2017) . The intended analysis of MS spectra will cover, besides the current analysis, ester, and the earlier one, ketone, ionones, all other classes includes carboxylic acids, aldehydes, amides, amines, alcohols, ethers, etc. Butyl butyrate was chosen for analysis since its mass spectrum shows many characteristic signals and their analysis is straightforward and easy to follow.
The current work will provide a thorough analysis of the EI-MS spectrum of one flavor aroma compound butyl butyrate. The fragmentation mechanisms of all major peaks will comprehensively be analyzed (Yang, Minkler, Hoppel, & Tserng, 2006) .
Butyl butanoate is the IUPAC name for butyl butyrate. It is an aroma ester found in various kinds of fruits such as berries, strawberry, apple and banana. Butyl butyrate is used industrially as sweet flavors for pineapple which is important for food and beverages industries.
The most common methods for preparing esters are esterification and transesterification (Varma & Madros, 2008) . Butyl butyrate can be synthesized by reacting butanoic acid with n-butanol in the presence of an acid catalyst. Since alkanoyl chlorides are readily made from the corresponding acids by using either thionyl chloride or phosphorous tri or pentachloride, then, the sequence R 1 CO 2 H  R 1 COCl  R 1 CO 2 R` is found to be a better method for esterification. This method is faster and avoids the troubles associated with the equilibrium of acid-catalyzed formation (Loudon, 2002 ) (Clark, 2015) . 
Discussion
Regarding the butyl butyrate's mass spectrum, the molecular ion peak is not observed which indicates that it was fragmented before it got to the detector, meaning that it could not live the 5 x 10 -5 of a second fraction required to get processed.
Bond Cleavages of molecules in the EI-Mass Spectrophotometer will lead to charged and neutral fractions. Those cleavages which considered characteristic cleavages inflected on butyl butyrate are: α-cleavage, β-cleavage (known as inductive cleavage), McLafferty Rearrangement, a proton transfer and a double proton transfer.
Only the ionized fragments can be detected and leads to singlet peaks as a function of their abundance to m/z ratio. The height of a peak, its intensity, depends on the number of ions formed; the most abundant ions will give rise to the tallest peak called the base peak. Usually the highest m/z ratio signal of the spectrum is the molecular ion, M + , if appears, not to confuse with the isotopic peaks, M + 1 and M + 2. Usually the isotopic peaks are in much smaller intensity relative to the M .+ peak (Walwil, 2017) .
For the analysis of the target molecule spectrum, I chose the sequential analyses of the mechanisms in correspondence to the formation of the heaviest fragment ions, Eq1, to the lightest, Eq12. The butyl butanoate molecular ions undergo 
Conclusion
The novelty of this work, as an educational work, is that the EI-MS spectrum of butyl butanoate is analyzed thoroughly. No other source found where all characteristic fragment ions mechanistically discussed thoroughly.
As known, the mode of fragmentation is characteristic and hence predictable. For butyl butyrate the mechanisms involved in the analysis were α-cleavage, β-cleavage, McLafferty Rearrangements, first and second proton transfer. There are more modes that will be discussed in further studies such as Two-Proton Cleavage and Retro Diels-Alder Cleavage. The next study will cover the MS spectra of butanamide and methyl 2-methylbutanoate.
